We present a model for the incidence of Zika virus (ZIKV) and microcephaly, with symptomatic and asymptomatic populations and without demography, interpreted as a continuous multivariate, homegeneous stochastic process and discrete states which, using the theory of generating functions ( probability (fgp), cumulative (fgc)) and their corresponding partial differential equations (EDP), determines the deterministic system with stochastic variables (averages, variances and covariances) of the epidemiological process.
Introduction
Zika virus (ZIKV) is a virus transmitted by mosquitoes of the family Flaviviridae of the genus flavivirus, it is transmitted by the bite of infected mosquitoes maintaining a zoonotic cycle (i.e., any disease that can be transmitted from animals to humans). It is thought that ZIKV has as main agent for its reproduction and transmission to the monkey, antibodies have been detected in numerous other species of animals, which suggests the possibility that the transmission goes beyond just one species [1, 2, 3, 4] .
In the cycle of transmission, human beings probably serve as accidental hosts; however, in areas without primates, humans act as primary amplifiers. The disease caused by this virus causes symptoms similar to dengue fever, with fever, headache, malaise, skin rashes, conjunctivitis, and arthralgias mainly, and in the aftermath of infection are neurological syndromes such as the GuillanBarre and congenital anomalies in the children of mothers who have had the infection, mainly malformations that compromise the brain whose most severe manifestation is Microcephaly [1, 2, 3, 4] .
ZIKV crosses the placenta and has been detected in amniotic fluid using the polymerase chain reaction (PCR) in pregnant women affected with fetuses compromised with brain lesions and microcephaly. This proves the causal relationship between uterine exposure to ZIKV and brain lesions, although its pathophysiology is still not well established [1, 2, 3, 4] .
In relation to continuous homogeneous and non-homogeneous stochastic processes, with rates of Poisson flow transition and discrete states, applied to epidemiology are found in the following citations [5, 6, 7, 8, 9, 10, 11, 12 ].
The model
We consider the dynamics of ZIKV and microcephaly as a stochastic process of birth-death, continuous, homogenous and multivariate, with discrete states and Poisson flow transition rates [7, 8, 9] , ((X(t), Y (t), Z(t), W (t)): t ≥ 0) where X(t) , Y (t), Z(t) and W (t) are random variables. The axioms of the process of transition between states are: i) The process is Markovian for every rank t 1 < t 2 < t 3 < ... < t m , ii) The conversion number from one state to another only depends on (t, t + ∆ t ), iii) The probability of birth-death is proportional to (t, t + ∆ t ).
The random variables and transition parameters between states are: X(t): number of susceptible persons over time, Y (t): number of symptomatic infectious persons, Z(t): number of asymptomatic persons, W (t): number of mothers in pregnancy that presents microcephaly, at a time t, respectively; f : fraction of infectious people who have symptoms, β: probabili-ty of infection of susceptible persons, α: recovery rate of symptomatic and asymptomatic infectious persons, ω: rate of mothers in pregnancy infected with ZIKA and g: fraction of mothers in pregnancy infected with ZIKV who develop microcephaly. Besides α, ω > 0 and 0 < f, g, β < 1. Figure 1 : Diagram of the infectious process of ZIKV and microcephaly.
Using the diagram in Figure 1 , we write the system of infinitesimal transition probability equations,
(1)
where ( * = X(t) = x, Y (t) = y, Z(t) = z, W (t) = w) and initial conditions
By definition, p x,y,z,w (t + ∆ t ) = x ,y ,z ,w P {X(t+∆ t ) = x, Y (t+∆ t ) = y, Z(t+∆ t ) = z, W (t+∆ t ) = w| * * }p x,y,z,w (t) (7) with * * = X(t) = x , Y (t) = y , Z(t) = z , W (t) = w ). Substituting equations (1)- (6) in (7), p x,y,z,w (t + ∆ t )
Subtracting p x,y,z,w (t), dividing by ∆ t and doing ∆ t −→ 0 we obtain the difference-differential equation, dp x,y,z,w (t) dt
3 Deduction of the system with stochastic variables
By definition, the probability generating function (f.g.p) [9] ψ(u, v, r, s) of the multivariate stochastic process is,
of which, ∂ψ ∂t =
x,y,z,w
Substituting the difference-differential equation in the ED (9), we have,
Partially differentiating the function ψ(u, v, r, s) with respect to each variable are found the following EDP
Thus, replacing these EDP in the EDP corresponding to the fgp, we obtain
with initial condition ψ(u, v, r, s, 0) = u x 0 .
We transform the EDP (10) into the EDP corresponding to the fgc, using the relation 
Deterministic system with stochastic variables
By definition, the fgc is
and to transform the equation (11) into a system of equations, we use the series
similar for e δ , e η , e −θ and e −δ and we calculate from (12) the partial derivatives,
Substituting the previous expressions in (11), we have
Making the potencies of θ,
, θγ, γη and θδ equal, we obtain the deterministic system with stochastic variables,
where α, β, ω ≥, 0 < f, g < 1 and initial conditions µ
Conclusions
In this study a technique of transformation of a continuous, homogeneous, multivariate stochastic process with discrete states and Poisson flow transition rates has been applied in detail, using the theory of the generating functions (probability, cumulative), their corresponding EDP and expansion in series in order to deduce the dynamical system of ordinary differential nonlinear equations with stochastic variables (averages, variances and covariances), which interprets the transmission dynamics of ZIKV without demography but including asymptomatic, symptomatic and pregnant mothers who have developed microcephaly.
In the deducted system it is observed that the differential equations for the averages of each population variable, correspond with the equations of the deterministic model for average variables and is decoupled in one way. That is, the dimension of the system of order 4 is increased to a dimension of order 11, which increases the complexity of the qualitative and numerical analysis, but gives more information by showing the trajectory of variability of the averages over time, also the respective covariance between the related variables. This mathematical modeling approach is important in biological, ecological and epidemiological processes of low dimension and for short study times.
